ABSTRACT
INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is a common and often life-altering sleep-related breathing disorder (1) . Patients with OSAS have many episodes of increased airway resistance because of repeated collapses of upper airways during night (2) . OSAS leads to excessive daytime sleepiness, cognitive dysfunction, impaired work performance, and decrements in health-related quality of life (3) . OSAS is associated with increased risk for cardiovascular diseases including hypertension, myocardial ischemia and left ventricular hypertrophy (4).
In the last years a great deal of attention has been paid to this problem due to the fact that the high prevalence of this disease in the general population turns this into a true public health problem (5). Young et al. (6) claimed that the proportion of OSAS patients in the general adult population goes undiagnosed. They estimated that 93% of women and 82% of men with moderate to severe OSAS have not been clinically diagnosed without obvious barriers to health care for sleep disorders. Knowledge of risk factors for obstructive sleep apnea is crucial to properly direct diagnostic attention at those with the highest risk (7) . Major risk factors for OSAS are age, excess body weight, sex, race, craniofacial and neck anatomy, familial and genetic predisposition, medical comorbidity, and others (3) . Structural features such as retrognathia, tonsillar hypertrophy, enlarged tongue or soft palate, inferiorly positioned hyoid bone, maxillary and mandibular retroposition, and decreased posterior airway space can narrow upper airway dimensions and promote the occurrence of apneas and hypopneas during sleep (8) .
Respiratory variables were usually investigated during sleep but not awake in patients with OSAS. Nevertheless, changed respiratory parameters in wakeful patients might be used easily as an indicator of cardio-pulmonary status of OSAS patients.
The aims of present study were to investigate the respiratory variables during wakefulness, anthropometric and otorhinolaryngologic differences, and to clarify possible relationships of them in patients with OSAS.
MATERIALS AND METHODS

Patients
Eighty three patients (59 males, 24 females), who were referred to departments of Otorhinolaryngology and Pulmonary Medicine with suspected OSAS were included consecutively in the study. The study protocol was approved by the Local Ethics Committee, and all patients gave written informed consent to participate in the study. Patients who had craniofacial abnormality, retrognathism, cardiovascular diseases -particularly those who use beta blockers-metabolic disorders such as diabetes mellitus were also excluded from the study.
Otorhinolaryngologic examination
Nasal examination was made using nasal speculum and endoscope. Nasal pathologies (septum deviation, hypertrophy of medium or inferior choncha, choncha bullosa, nasal polyps, and abnormality of internal and external valves) which block air flow in nasal passage were examined. Soft palate and uvula were examined when the mouth was open and without pulling the tongue out. Flat, wide and flabby soft palate and uvula which change retro-palatial distance were evaluated and decided by an expert otolaryngologist (AA) as a result of physical examination. Patients were classified into two groups in terms of nasal obstruction, flat soft palate, wide uvula, and pharyngeal collapse as a result of Muller maneuver. Muller maneuver: Flexible endoscope was inserted into the noise. Patients were instructed to perform forced inspiration with their nose and mouth covered. Pharyngeal intraluminal negative pressure was increased with this maneuver and the velopharyngeal and hypopharyngeal collapse was observed using a flexible endoscope (5). Apnea with witness was determined as apneas by a witnessed bed partner.
Uyanık Durumdaki Obstrüktif Uyku Apne Sendromlu Hastalarda Solunumsal Değişkenler ve Antropometrik Ölçümler
Polysomnography
An overnight sleep study was performed in all patients using 18-channel polysomnography (SleepScreen Pro®, Viasys Healthcare, Hoechberg, Germany), which included a standard montage of electroencephalogram (EEG), electrooculogram and electromyogram signals together with pulse oximetry, respiratory impedance and nasal airflow detected by oronasal thermistors. All sleep studies were manually analyzed using computer software by the same physician, who was blinded to the patient's other clinical data. Sleep stages were scored according to the standard criteria of Rechtschaffen and Kales (9) . Apneas were defined as complete cessation of airflow for at least 10 s. Hypopnea was defined as ≥ 50% reduction in airflow accompanied by > 3% desaturation in the following 30 s and a reduction in chest wall movement. EEG arousals were not required to make the diagnosis of a respiratory event. Data were expressed as the apneahypopnea index (AHI) based on the number of apneas and hypopneas per hour slept, with an AHI ≥10 events/h indicating a positive OSAS diagnosis (10) .
Respiratory variables
The following respiratory variables "tidal volume (VT), respiratory frequency (Rf), ventilation (VE), O 2 uptake (VO 2 ), CO 2 production (VCO 2 ), ventilatory equivalent for O 2 and CO 2 (VE/VO 2 and VE/VCO 2 ), respiratory quotient (VCO 2 /VO 2 ), O 2 pulse (VO 2 /heart rate), heart rate (HR), averaged expiratory concentration of O 2 and CO 2 (FeO 2 , durations of inspiration (Ti), durations of expiration (Te), durations of total breathing cycle (Ttot)" were measured using a breathing analysis system (Quark b2, Cosmed S.r.l., Italy) and chest belt telemetry (heart rate monitoring) system (Polar CR2032, CE0682, Monark Exercise AB, Sweden). The subjects were instructed to avoid food intake 4 hours, no smoking 2 hours and not perform exercise 24 hours before the test. The tests were performed at the same hours (0830-1030) of the day. After resting for 15 minutes, the measurements were applied to the subjects in the laboratory which was silent and at room temperature. The device was calibrated prior to each test. The subjects were put on facemask, lay on supine position and did not move their arms and legs during the test. Respiratory variables re- 
Length and diameter measurements
Anthropometric points were fixed and the length and diameter measurements were performed by the same physician all the time. Mentum-incisura tiroidea superior (M-ITS) and mentum-incisura jugularis (M-IJ) lengths were measured at anatomical position using a caliper compass. Diameter measurements of neck and chest were carried out at anatomical position with an anthropometric set (Harpenden, Holtain Ltd., UK).
Determination of body fat percentage
The skinfold thickness measurements were carried out by the same physician using skinfold caliper (Holtain, Holtain Ltd., UK). The skinfold was picked up between the thumb and the index finger so as to include thicknesses of skin and subcutaneous fat (11) . Abdomen, triceps, thigh and subscapular skinfold thickness measurements were done twice. When the differences between the two measurements were more than 5 %, the measurements were repeated. Body densities were calculated with Behnke Wilmore (BW) formulas for both men and women (12) .
BW formula for calculation of body density for men was;
Body density = 1.08543 -0.00086 (abdomen skinfold) -0.0004 (thigh skinfold)
BW formula for calculation of body density for women was;
Body density = 1.06234 -0.00068 (subscapular skinfold) -0.00039 (triceps skinfold) -0.00025 (thigh skinfold)
Body fat percentage was calculated from body density with Siri formula, which is:
Body fat percentage = (4.95/ body density -4.5)*100
Statistical analysis
The results were presented as mean values±standard deviation. Chi-square test, Mann Whitney-U test, Pearson correlation test, and linear regression analysis were used. The significance level was determined as p<0.05.
RESULTS
Of the total 83 patients, 43 (32 male and 11 female) having an AHI score ≥ 10 were diagnosed as OSAS, and 40 (27 male and 13 female) having an AHI score < 10 were diagnosed as simple snorers. Table 2 . Neck antero-posterior and lateral diameters, thorax antero-posterior diameter were found significantly higher in OSAS patients than that in simple snorers. Table 3 shows the mean values of respiratory variables for simple snorers and OSAS patients. Only the mean values for O 2 pulse was found to be significantly higher in OSAS patients than the ones in simple snorers.
In Table 4 , the correlations observed with AHI in subjects were given. That is, only pharyngeal collapse with Muller maneuver was found to be strongly correlated with AHI. Linear regression analysis of the measurements revealed that pharyngeal collapse with Muller maneuver (OR=20.7, CI=10.3-31.0, P=0.000) value was the most important predictor of OSAS. Table 5 shows the correlations observed with O 2 pulse in patients. Biacromial length, and thorax and neck antero-posterior and lateral diameters were significantly correlated with O 2 pulse in OSAS patients. But no correlation was found between O 2 pulse and anthropometric measurements in simple snorers.
DISCUSSION
The abnormal properties of respiratory movement were shown during apneic sleep in OSAS patients (13) . Is it possible that abnormal breathing during sleep might affect respiratory variables after awakening in patients with OSAS? Ashraf et al. (14) analyzed spirometric indices of forced expiratory volume in 1 second / forced expiratory volume, maximum mid-expiratory flow, peak expiratory flow, forced expiratory flow 50, and forced inspiratory flow 50 in 138 patients with OSAS. They reported that spirometric abnormalities were not common in OSAS patients. Radwan et al. (2) We also investigated some anthropometric measurements for craniofacial, neck and chest regions, and performed otorhinolaryngologic examination. In current study, we found as a first time that increased thorax antero-posterior diameter value was significantly higher in OSAS patients than that in simple snorers.
It was shown that, respiratory timing is modified in patient with OSAS during sleep (16) (17) (18) . Stoohs and Guilleminault (18) monitored and compared respiratory timing parameters of eight OSAS patients awake and during nocturnal sleep. They found an immediate increase in Ti, Te and Ttot with the onset of snoring. Also, through the duration of the snoring period, a further increase in Ti and a decrease in Te were noted, with a mean change in Ti/Ttot (18). Bittencourt et al. (19) studied moderately obese, sleep-deprived OSAS patients presenting daytime hypersomnolence, with normocapnia and no clinical or spirometric evidence of pulmonary disease. They found that average rest (wakeful) ventilatory response, inspiratory occlusion pressure, and ventilatory pattern (VT/Ti, Ti/Ttot) were within the normal range. Except for respiratory timing, other respiratory variables during wakefulness were not investigated in patients with OSAS previously. We found that the respiratory variables studied excepting O 2 pulse were not significantly different OSAS patients than those in simple snorers (Table 3) . O 2 pulse reflects the capacity of the heart to deliver O 2 per heartbeat. O 2 pulse, as an important index of cardiovascular efficiency, is closely related to health and cardiopulmonary function (20) . Lavie et al. (21) used peak O 2 pulse and lean body mass-adjusted O 2 pulse for predicting prognosis in patients with systolic heart failure. We found that O 2 pulse value was significantly higher in OSAS patients than the one in simple snorers (Table 3 ). In addition, It was correlated with AHI (Table 4) . In this study, interestingly, O 2 pulse was statistically different between OSAS patients and simple snorers, but VO 2 , VO 2 /kg, VCO 2 and HR values were not (Table 3) . Some other factors might affect O 2 pulse in OSAS patients both at apneic and nonapneic conditions. We think that elevated O 2 pulse in OSAS patients could be due to increased sympathetic activity and respiratory effort. Insidious changes such as increased sympathetic activity within the respiratory and cardiovascular systems occur over time in OSAS (22, 23) . Sympathetic over-activity at both acute and diurnal (non-apneic) conditions were demonstrated with urinary and plasma catecholamines, and intra-neuronal recordings of muscle sympathetic nerve activity in patients with OSAS (24) . Increased respiratory effort may cause to develop of anaerobic muscle metabolism in OSAS patients. Bonanni et al. (25) found that exercise lactate levels were significantly higher, and an earlier lactate threshold was detected, in the patients with OSAS compared to normal controls. Sauleda et al. (26) applied a needle biopsy of the quadriceps femoris and found that the diameter of type II fibres and protein content were higher in patients with OSAS than healthy controls. The type II fibres of skeletal muscle uses mainly anaerobic metabolism. Ucok et al. (27) found that aerobic capacity was significantly lower in OSAS patients than in controls. These findings in the literature mentioned above (25) (26) (27) might be interpreted that the aerobic capacity was lower and the anaerobic metabolism was more developed in the patients with OSAS than normal subjects. Lactic acid, a product of anaerobic metabolism, largely is broken down with using O 2 during non rapid muscle activity. However, it seems difficult to establish a direct link between metabolic status and O 2 pulse in OSAS patients. We suggest that, possibly the finding of elevated O 2 pulse might be an indicator for OSAS during wakefulness for the first time. It is accepted that some morphological differences are associated with the narrowing of the upper respiratory tract in patients for OSAS. During physical examination of patients with suspected OSAS, a comment is frequently made that they appear to have a short and fat neck (7). Iriondo Bedialauneta et al. (5) said that in a first visual exam, we should focus on the patient's morphotype, very probably that of an obese individual, with a short, thick neck. They also found that patients with OSAS have a greater neck circumference, and more frequent pharyngeal collapse in Muller's maneuver than simple snorers, nonetheless, nasal pathology was not different between OSAS and simple snorer. Neck circumference has been identified as the best predictor of sleep apnea (7, (28) (29) (30) (31) . Similarly, we found that neck antero-posterior and lateral diameters were significantly higher in OSAS patients than those in simple snorers, and they correlated with AHI (Table 2 and 4). We investigated detailed anthropometric measurements of neck and chest. Unexpectedly, the result for M-IJ distance which also reflects neck length was not significantly lower in OSAS patients than that in simple snorers ( Table 2 ). We first show that thorax antero-posterior diameter value was found to be increased in OSAS patients ( Table 2 ). The increase in thorax antero-posterior diameter of patients with OSAS might be considered due to increased respiratory effort during sleep in these patients.
Ozbulut at al. (32) investigated the correlations between 39 anthropometric measurements and pulmonary functions tests in the patients with depressive, anxiety and psychotic disorders. They found that in patients groups, 12 sub-measurements in depressive disorder, and 5 in anxiety disorder were to be correlated significantly with pulmonary functions tests. However, they found no positive correlation between any anthropometric measurements and pulmonary functions tests in patients with schizophrenia. They suggest that these data might be an early indicator of a highly increased tendency for poor health status which might be an additional finding making these patients prone to some illness (32) . Despite the fact that this investigation was carried out in a different patient group, we similarly studied the correlations between anthropometric measurements and respiratory variables, and found that O2 pulse value was significantly correlated with neck and thorax anthropometric measurements in OSAS patients (Table 5) but not in simple snorers. It might be speculated that the functional and anatomical differences may have affected each other during the course of OSAS development.
We found that apnea with witness, flat soft palate and pharyngeal collapse with Muller maneuver values were significantly higher OSAS patients than those in simple snorers and they correlated with AHI (Table 1 and 4) . But only the value of pharyngeal collapse with Muller maneuver was strongly correlated with AHI (Table 4) . To our knowledge, it was the most predicting factor for OSAS confirming the previous studies (5, (33) (34) (35) . Nasal continuous positive airway pressure is effective in moderate to severe OSAS patients (36) . The patient undergoes evaluation by all the related specialties but the otolaryngologist plays the most important role and the purpose of otolaryngologic evaluation is to diagnose the problems causing the obstructive sleep apnea syndrome besides identifying the problems that may interfere with the use of continuous positive airway pressure devices (37) . Apnea with witness, soft palate examination, and especially pharyngeal collapse with Muller maneuver might be used for routine diagnostic procedure in evaluating OSAS patients. Obesity is a potent risk factor for development and progression of sleep apnea, and clearly contributes to the incidence of sleep-disordered breathing (38, 39) . In our study neither BMI nor fat % values were found correlated with AHI in all patients (Table  4) . These might to be because of the fact that both simple snorers and OSAS patients were obese (Table 2 ).
It is known that sleep-disordered breathing is very common and is associated with an increased risk of cardiovascular disease, cardiac arrhythmia and stroke (40) . OSAS is insidious and patients are often unaware of the associated symptoms. Compounding the lack of patient awareness, health care professionals in most medical specialties not having received the necessary training to help expedite case finding and institute early intervention; it can be emphasized that early recognition and appropriate therapy can ameliorate the neurobehavioral consequences as well as quality of life and may also have favorable effects on cardiovascular health (3, 41, 42) . The current study might shed on light some new aspects of physio-pathological status of OSAS and might contribute to management of OSAS if it is supported in another set of patients.
In conclusion, we suggest that neck antero-posterior and lateral diameters, thorax antero-posterior diameter might be predicting factors for OSAS. This study also emphasizes that pharyngeal collapse with Muller maneuver can be used as a routine diagnostic procedure in evaluating OSAS patients. We further suggest as first time that elevated O 2 pulse might be a possible cardiopulmonary indicator in patients with OSAS during wakefulness.
